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P . ) PREFACE -
The development of a scientifically anare generation will have a major impact upon the

* pohicu & and tbe policy-tnaking process of a democratic society. Ciluzens who know their

" to those who neither want or need it, is is almost impossible. ;

krg run. best interests are most likely to promote them through all the means sthand. Bewng

" awmare 15 only the beginning. Once a society perceises 2 need and sets objectises, it then moves

1+ allocate its available resources to the priorities indicatéd by the goals and objectives, As
evens elementary ecogomic student knows. the basic resources of the society are natural
remrces, capital. and human resources. In an earlier 2ge natural resources determined a
_sorety’s wealth dnd welfare. especially in the fertibty of its soil. Consequently. though natural
“Tewurces never fast their. :mponanoe capital resources: Lhe technology to expand man’s.
projecunity. rose Lo prominence.” .

\"# we appear w be entering an age » hen human resources will dominate. It 1s a time when
the most cntical problems of society do not lend themselves 10 auack based on land. new
matenals, or machines._The primars tools of this society are the tatents arfd skills’of its people.
W hatever 15 problems. the search for peace. the abolition of PoveErty, the prevention and cure

=f discase. the reduction of crime or the control of environmentat quality. the solutions depend

up r. dedicated. talented. and “el.l-lramed people who understand and who can intelhgently

use whatever ltechfological tools are available. It is the growing- awareness of this new
de perndeacy that has pushéd the United Stafes econdmzinto an educational i estment which
ha¢ expanded from 36 hillion to $65 billion in 25 years. It js the same phenomenon which
urderlines the emergence of remedial man.power programs to assist those unable to compete

sutiegsfully in the more sophisticated labor markets. Jis the same awareness which has forced -

us i take a closer look as to what is currently happening in our ! ed ucatignal programs and for us
pam}utarl) the sctence education pmgram
Although science educauon has enjoyed a strong posmon in the educational hierarchy, little
emphasis has been placed on the appﬂcauon of science to society. The major thrust in
education today'is “career education’”. A% career education is considered as an inter-disciplin-
ary activity. science is often excluded because ‘science teachers are so busy teaching subject
matter they cannot relate to the processes of science and how science apphed to the world of
work™ - .
" This reaction is unfortunate and highly in;::;curate. because any competent science teacher is
constantly attempting to make subject matter relavant and pertinent and what better way to
make it more meaningful than to relate it to the world of work. If cdreer education is education
for a living. then science might rightfully be considered #s the prime essential of life. thus,
science career education must thergfore be 2 very practical kind of education. How can science
teachers continue to teach in ways which fail to bring practicality into science education?

All too often science students ask **“Why do I have to learn that7 Idon’t need it.”” This is
especially true of terminal students who need t¢ be better prepared for the cold hard world in
which they will suddenly seoner or later be thrust. }t is also true in many cases of college-bound
students who consider science as a foundational cotrse material. Many Science educators are
constantly and diligently seeking innovating ideas io teaching the subject matter,
Unfortunately. their efforts are focused on the subject matter or course content rather than on
the students. It is better if they seek ways to stimulate the students in their desire to learn. We
contend that if teachers would make existing programs relevant, then students would act
positively Hg')w does one make a science relevant for the non-academic student when 1t is
difficult enough to maintain the interest of those who may need or want the science courses, but

1
LY

Science instruction as related to the career education philosophy becomes the answer to
many of the problems in teaching taday. It is an excellent way to make science relevant,
practical, and interesting. It can stimulate thé terminal student because he can make use of it
without the need'of detailed theory. By the same token, it can be used to teach theory and
principles to académic students so that :t may be understood easily and apphed immedaately.

’t‘;’
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In this approach natural s¢cience instruction is and must be focused on the student. One of the - ]
major guals in sence teaching is to have the student develop the process of making decisions.
There are invariably rights and wrongs when it comes to making decisions but as cilizens we
must make decisions. There may well be 5o real right or wrong for the simple reason that the .
product must svit the needs of the buyer. These needs may well vary from one mdwﬁal t’ .
another. What might be emphasized in career science is how to evaluate products in Tight of -
needs.” The goal should be 1o investigate aw areness and relate to self through logical principles
of evaluation. Here every person uses the so-called scientific method without really being

aware of it for what it is. g -
. We have provided this guide to assist the teachers of natural science, grades K-12, by
. providing the framework for the detelopment of their local distnict, building, and classroom .
. program. This should also serve as the framework for the presservice and in+service tramnihg of
- teachers by t¥e hijhef education institutions. : Lo )
' ] - - - " - - -
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- THEBEASONEURNA’IUBALSC!ENCEEDUCA‘“ON L. .

The purpose of the natyral science education program for Delaware’s students is-to lead to

the sequentiatdevelopment'of a scientifically literaté person. A.lthough lh." is considered to be

the central purposé of natural science edication. a single or ‘‘hest way™ of pursuing thisfoal
candot be specified. The diverse astur® of schools, students, and teachers necessitates a

variety of program.ha.nd approaches. .
1
N - ***To develop a sc:.enub'cally literate cmzem’y. the Staté Board of Education ) .
. . recommends that: ¢ . *
) '{ ’-‘,

*evety student K-12 have an opportunity “for many natural science
.experiences every year.

*that the K-12 patural science experience takes into consideration m;ixvzdua!’
differences of students and reflects the students’ emotional, ethmc moral,
geographlcal and econotnic background.

*every teacher of natural science be supplied with adequate facilities,
equlpme nt. supplies. and the time to utilize these at the various grade leyels
of the student. B
"*that patural science be presented as @ unified discipline, integrated and
*  coordimated with otber disciplines, such as matbematics, social science, -

) : . economics, political science, reading, and communication skills.
*increasing emphasis be placed on science processes. conceptional schemes -
and values, and less empliasis on factual information. - “
1] - ¥
] ' .
¢ 'du;'ecl. experjences with the natural world or in labaral.ory {hands on) {
: “activities should compnse the major portion of the science program. ’ .

]

co *tegtbooks should faczht.ate mquu'y, rather than being writlen to replace
Jaboratory (hands on} experiences. The use of recorded matena] {other

' media as well as printed material} should be integral parts and dependent
upon laboratory experiences. {(The malerials used will not‘ digcriminate

against the ethnic, moral, geographical, or sexual background of students.}

*natural science education programs inctude environmental education that
. interrelates natural phenomena, environmental influences, science, techno- -
logy. social implications of science and technology. and economic considera-
tions. . .
*natural science education programs incorporate the philosophy of career
, education, emergency preparedness, health (drug and sex} education, but
this-is not the sole cutricular area responaible for these’philosophies.

*opportunities for the professional growth of teachers of natural science be
considered an integral part of natural science education programs so that
teacher's own deeper insights can be brought tp bear on the science
programs designed for scientific literacy. . 2

*the achievement of scientific literacy should be the basis for setting
objectives: for selecting content, learning experiences. methodology, and
e for dévelopihg a system of evaiuation:

+
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This gvide is meant to serve as & minima! standard for natural science education but at the,
same time strive for maximum output,of the natural science program. The guide iz based on the
processes of science education as wall as the concepts, and attitudes with terminal objectives in
areas of the biological, physical, and é4drth sciences, at the learning levels of K-1, 2-4, 5-8, and
9-12 These are not the day-by-day activities or materisls to be used in'the accomplishment of
the terminal objectives. The development of this aspect of the curriculum is the nsibility
of the classroom teacher, students, and coordinated by the building O, district curricull  »
specialists and the State Department of Public Instruetion, N ) .

. N
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PHILOSOPHY OF NATURAL SCIENCE EDUCATION
FORDELAWARE'SSCHOOLS .~ .

1

-+ When a student completes his experience in De}av.are s school®hd should ha\e rlr)ﬁched a

4evei of proﬁc;éncy in these four hasic goals -

E]

—_— - R

I, Ammde Goal: To deveIOp l.hose values asmratwns and atlitudes which
; onderlie the personal mvol\'ement of the mdividiflal -with his énvirofifient
i . and with mankmd. - s : A

- 2. Raﬁon;al Thinlﬁng Goal; To develop the rational think'iﬁg pro'césses which
underlie scientific modes of inquiry. -

3. Skills Goal: To develop fundamental skills in manipulating materials and

information.

-
- .
.

4. Knowledge Goal: To develop knowledge of specifics, fgrocesses concepis,
generalizations, and unifying principles, which lead to further mterpretauon
_and diction of object.s and events in the natural envu’onment

R *

In order to attain these goals, a set of terminal objectwes hav{e been established. Each
terminal objectire is a culmination of a student s science achievement from kmdergarben

.

through his high school experience. ,

.

.
.

The follow‘mgﬁages identify the four basic goals and their termmal objectwes to serve.as a
framework for the development of ydur science program - . ,

.

. Y )

/ equipment and in gathering, organizing, and communicating scientific

o




ATTITUDE GOAB" S

¥

To’ de\’elop those wvalues,
pirations, and attitudes wh:.th
underlie the personal involve- - A r
emient of theindividual with his = -
'env:ronment and mth man. | -
kind. c -

- \-./

N . . 1.

' . b

[8%

* objective manner.

- proaches to the gquest for

" rational’ and creative thinking-

.

The  student has e critical
attitude . toward unsupported :
mferences hypotheses, amd
theories. — R

The student is intrigued by ob-
iecis and events in his environ-
ment.

The student appreciates the
interrelatedness of saence,
technology, and society.

The student willingly subjects
his data and ideas io the criti-
cism of his peers.

-

g uder}t is aware of and

ds in a positive manner
*to. beauty and orderliness in hxs
environment.
The student eonducts and re-
ports the resuits of his scientific .
investigations in an honest and g

The student recognizes the -
limitations of scientific modes
of inquiry and the” need for
additional, quite different ap-

reality.

The student habitually applies

processes whefi attempting fo
explain  discrepant events,
when trying to find " relation-
ships among seemingly unre-
lated phenomenz-and when
seeking solutions fo mence—
based problefns

.
L
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+ " The student formulates tenta.
tive statements ({inferences, " 1

- hypotheses, theoretical models) .
. J.n_!.denuﬁ'_and_e:plam.namﬁl - :
pbaaomena L

-

) The student draws inferences
' from dsta and distingnishes be-
- - i " tween empirical data and infer-

T ) ences.

T Fhe  student  formulates

. T and tests predictions derived
; . from inferences, hypotheses,:
' ] ' graphic, and theoretical models.

The studen: identifies the
. . - variables whick may materially
- _influence a given interaction in 5
) " "a systend and find ways'to x
' ) control and manipulate the )
o~ ! s ' identified variables.
" "-*IAWNALTHINKINGGOAL ] . _— ‘< "
.- :"- PR ! The student generdtes relevant ’
) Toﬁnelq:ﬂw;:hgnlﬂ;}g_hng‘ i g data to verify or’ @efine 2. -,
processés “whick uindertis :i:i-f,'_ : _ inferences, hypotheses, and

-

entific modeg oFinq'm:y ' AR theoretical models.

T The student senses- the exist-
. . . - . ence of discrepant events and |
L e - . problems which arise when he
= is  inyestigating . natural
phenomena
1 4 L2

e o L2 The student uses the processes
I s described under this goal,.
g ks requisite, masmipulative, and
SN ‘ .. commaunication  skills and
s . : aititudes, and his functional

* understanding of the concept(s)
g : . N involved to design, camry out,
- : . ‘and report-the findings of an

experiment,

The student selects criteria for
" and devefops classification
. systems and uses his systems
y - and those of others to clasgify .
given objects and events.

2 s . ¢

i




SKILLS GOAL

To develop fundafnental skills
in manipoliting, materials and
‘equipimient, 48d in gau:ermg
commuaicating , and orgmﬁzmg
scientific information, -

4

L3

ar

The student commmunicates with
otkers, orally and in writing, in
a manner that is consistent with
his knowledge of scentific
conventions angd that facilitates
the learning of his readers of
listeners.

The student records observa-
tions accurately And organizes
data and ideas m ways that
enhance their usefulness.

- The student gathers dmtptwe

and quantitative mformauon

" needed for developing or test-

ing inferences and hypotheses

. «b¥ means ‘of purposeful,. objec-

tive ohgervations of thmgs and
events,

L

-The student .constructs and
handles laboratory apparatus in
a skilifel mannper, givieg due
attention to accident
prevention.

+

The student gathers needed

data, which have been generat-
ed by others from a variety of
sources. '

e
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, : o _ The studemt demonstrates a -
. knowledge of specifics ~ facts, .
. : ° . convention, sequences, claséifi- ’
- : cahonsandcmena . T
L3 * L ! . ’
\ - ]
p N
. - The student demonstrates a
', T s knowledge of the relationships ~
- Lo between-scigncgaand society.
" ) : '.:
. " i R -
;’ ¥ ; .
< . The student demonstrates at
) - - " koowledge . of  concepts,
generalizations, and unifying
principles. .
L] ’ F3 . ; - ’ Fl )
—{. . L .
L] < - - )

- - U The student knows thg major

' : ' processes ~ and pmed"ri‘ii
which are employed in sciel*
tificinquiry. . .
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- ' PROCESSES OF SCIENCE EDUCATION

. * Inorder to determine the level of achievement of students in Delaware’s public schools, a set
of minimum objectives has been &stablished. Each of these objectnes is based on one or more
processes that give a defihite indication of a sm@ent's Progress. ’ .

. PROCESS ' #p . OBJECTIVE ' j
’ . " Following is a list of the eleven major pro;esaes that have been identified which includes the <.
great majority of studemt activities that are appropnate fur K-12 school experiences. Along
with the term associated with each process is a shon descnptise paragraph to help clarify the
intendéd meamngof the terms.  —

- %

These processes are not listed 1o imply use of the program. Suence. A Process Approach
{AAAS), but are the processes used for any natural scence or envirommental education

. ? program. , .

1) -

. PROCESS « Observing
SF"‘? . Obsen ations can be made in a variety of ways usmg all of the senses. Where -
@ = direct sense experience 1s pot adequate for making needed observations.
S K, indirect methods are used. Objects and events may be observed with respect to
"'# .4 many qualities and quantities When obseniations are made to accumulate
"L «3_1’.‘{ _ data from which inferences will be drawn. the precision of the observations is
h._‘\,‘_% cntical:  Precision s often improved by making quanistative obsertations.
Observations are mfluenced by the experience of the observer.

. /ﬁ PROCESS - Classifving . ] ’
. : E’i —  {lassifying is the grouping o; ordering of phenomena according to an -

e g established scheme. Objects and events may be classified on the basis of
g obse ions. Classificational schemes are based on obseryable similarities

™ — and differences in arbitrarily selected properties. Classificational keys ire ysed

to place items within a scheme as well as wreme\e informaticn froma scheme.

PROCESS - Inferring - .

Inference. while based on observations, requires evaluation and judgmeft. In-
ferénces based upon one set of obserations may suggest further observation.
which in wrmn requires rnodxﬁcauon of or;gmal mferences. Inference féads to .
prediction, .

. PROCESS - Predictiﬁg 4 $
Prediction is the formuiat:on of an expected result based on. past experience.
The reliability of prediction depends upon the accuracy of past observations and
upon the nature of the event being-predicied. Prediction js based upon influ-
ence. Progressfve series of observations and, in particular, graphs are import-
ant tools of predlctlon in science. An experiment can verify or contradict a pre- °
diction,, -

PROGELSS - Measuring -

Measuring proPertles of ohjeczs and esents can be accomplished by du'ect
com pansoh or by indirect companson with arbitrary units which, for purpoées
of communication, may be standardized.’ Identifiable characteristics which can
be measured may be interrelated to proside other quantitative values that are
.+ valuable in the description of physical phenomena. »




4

PROCESS - Commnnwanng ) Ve

In order to communicate observauons accurate records must be kept which can
be submitted for checking and rechecking by others. Accumulated records and
~ their analysis may be represented in many ways. Graphical representations are ,
‘often used since they are clear. concise, and meaningful. Complete and
understandable experimental reports are essential to scientific cominunication.

PROCESS - Interpreting Data -
Interpreting data requires the application of other basic process skills - 1o par-
" ticular. the processes of inferring. predicting, classifying, and communicating.
Itis zhrough this complex process that the usefulness of da!a is determined 1o
answering the question being investigated, lnterpretauons are always subject .
to revision in the light of new or more refined data,

PROCESS - Making Operational Deﬁnitions

Operationa¥ definitions are made in order to simplify communication concern-
ing phenomena being imvesugated. In making such definitions it s necessary
1 give the minuqum amount of information needed to differentiate that which
1s being defined from other similar phenomena. Operational definitions may be
based upoa the obsenable characteristics of the phenomena and upon the
" operations to be performed. Operatonal definitions are precise and. in some
cases based upon mathematical relationships. :

L

PROCESS - Formulating Questmps and Hypotheses

Questions are formed on the basis of observations made and usuaily precede an
agtempt w—evaluabe a situation or evert, Questions. when precisely stated. are
problems to be sok'ed through application of the other process of science. The
akempt to answer one question may generate other questions. The formulation
of hypmheses depends directly upon guestions. inferences. and pred:cuons
. The process consas&s of devising a statemnen$ which can be tested by_experi-
ment. When tnore than one hypothesis is suggested by a set of observations. .
" each must be stated separately. A workable hypothesis is stated in such 2 way
Lhat. upon testing, its credibility may be establisbed.

PR’OCESS., Expenmenun g T

R .
: Expenmentmg is the process of designing data-gathering procedures as well

" the process »f gathering data for the purpose of testing a hypothesis. Ina ]ess . a
formal* sense. experiiments may be conducted simply to make observations.

. However, even here there is a plan to relate cause-and-effect. In an experi-

ment. variables must be identified ard controlled as much as possible. An ex-

perimental test of a hypothesis Is designed to indicate whether the hypélhesis i5

to be accepted, meodified. or rejected. In designing an experiment. ]nmtauons

of method and apparatus ust be considered.

ﬂ PROCESS - Formulal.ing Models ‘ :-:_‘

3_,{.' ; Modals. whether physical or mental. are devised on the basis of acceptsble

- hypothesis’ or hypothesis that have yet to be tested. . Models are used to
- describe and explain the interrelationships of ideas. In many cases the model
*, gmplies new hypothesis. if besur‘ig these hypothesis results in new information,
T4 3 “the model must be altered to include it. : . 5.

Each of these processes have different le\els of difficulty that are,based on the age and ability
* leveld of a particular student. With this in mind. the following are the minimum acceptable
proficiency levels for students completing the grade levels covered by.this guide in a Delaware :

- o SN T
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MINIMUM STANDARDS AT THE OOhIPI.EfﬂON OF SCHOOL EXPERIENCE

-

Observing el . \ -

Identifying changes in properties and measuring rates of change.
Differentiating constants from variables.
Identifying correlational changes in variables.

Classifying- | ) | \ '

Setting limits as a means of grouping on the basis of a continuoub variable.

Developing cla.ssﬁcauonaj schemes of two or more stages of sub-sets havmg mutu’aﬂ}
exclusive categories.

Using an actepied classificational system or key to identify objects or phekomena.
L'sing characteristics observed under imposed conditions as a basis for grouping

il.ations of inferences.

to test the validity of inferences.
to suggest further observation.

Extending infererices to formulate models.
\n

Predicting *
Limiting variation in conditions affecting prior obsenatmns in order to mprove the accuracy
of predictions.
Desfionstrating the accuracy of predictions in order to establish the validity of prewously held
concepts upor which the predictions are based. ,
L'sing interpelation and extrapolauon as a means for makmg predictions. ~I-Isl.abjlsl'ung .
criteria for stating confidence in predictions.

Measuring ’ : L ) . .

- ldentifyipg measurable physical quantities which can be used in precise description of
phenomena. - Pl
Measurmg quantities which depend upon more than one variable.
Using and devising indirect means to measure quantities.

Using methods of estimation to measure quantities. :
. . i 1
Communicating \

Stating questions ‘znd hypothesls concisely without ambiguity.
Constructing tables and graphs to communicate data. l
Planmnafor communication of procedures ahd results as an essential part of an E enmeny.
Reporting experimental procedures in a forny so other persons can replicate the penme
Using mathematical analysis to describe interpretations of data to others.

‘Using tables and_grapbs to convey possible interpretations of finite data.

i0
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Intecpreting Data

Describing information as it is displayed on tables or graphs.

Making and explaining inferences from tables or ‘graphs.

Setting criteria for assessing the validity, precision, and usefulness of datd,

Comparipg sets of related data to test the credibility of inferences and generalizations.
Selecting the most acceptable interpretation from multiple interpretations of the same set of
data.

Determining estimated values of statistics from samp]e% and evaluating probable errurs.
Swating criteria for restricting inferences and gene tions to those mferences and
generalizations supported by data

Making Operational Definitions §

Stating mipimal observable characteristics required for an operational definition.
Establishing the criteria for operational definitions according to the use mntended for the-
definitions.

Evaluating the suitability of operauonal definitions.

Déscribing the limitations of operational definitions. :

Using mathematical relationships in making operational definitions.

Furmulaung operational definitions of experimental parameters such as system boundanes.
data gathering procedures and interactions of variables.

Formt;lating Questions and Hypotheses

Separaumng broad questions into parts which, when a.nsnered\  will conmbul.e to. a
comprehensive explanation.
Asking ‘questions or stating simple hypotheses which can be bqsced
Stating hypotheses in forms which suggest the variable to be mampulat,ed
Differentiating between hypotheses wluch must be tested qualitatively and those which can
be 1ested quantitatively.

" Stating negative hypotheses in an attempt to eliminate variables.

Experimenting _ ’

fdentifving relevant variables in an experimental gitnation.

Maintaining an accurate record of experimental procedures and results,
Controlling those variables not a part of the hypothesis bemg tested.
Identifving sources of experimental error.

* Describing the limitations of experimental apparatus.

Describing the limitations of the experimental design. )

Formulating Models - . : s
. » . ’ / (- /
Constructmg a physical representation, a drawing, or a mental lmage to explain observed *
phenomena. . .
Extending physical or mental models to mc!ude re]al.ed phenomena. . )
Modifying existing: models to inciude new observations.” s ~"
Formulating physical or mental models 1deahzmg observed conditions i ordef 19 minimize
variations | °* ,/ .
Devising 1ests for the credibllny of an existing model. /
Stating hmnauons for models. -
. N . ) ./-/
/ ]
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CONCEPTS OF SCIENCE EDUCATION

Concept P> Procea‘s . P Objective

.

Moving up the ladder each process is. based on a conceptual scheme, thus allowing each
objective to be developed under the concepts. Six major concepts have been identified for
inclusion in the natural science curriculum in Delaware’s K-12.schools. These concepts are
defined as follows, . :

-

% .
Diversity: The vast pumber of natural phenomena which can be observed
display a wide variety of similarities and differences.

Y]

-

* -

. -
Cbange. Our environment. living and nenliving. microscopic and macroscopic,
is constantly undergoing change. o ' .

4 ar -

Conginuity: ~ There is constancy in cause.and-effect relationships .which
précludes any abrupt reversal in natural phenomena. -

3

- . . -
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Y

Organizstion. Systematic relationships exist in patural phenomena. Systems
* within systems comprise the universe,

-

Limitation. Natural phenomena are Emited hy the fundamental nature of .
matter and energy There is an overall tendency toward equilibrium in an

environment.

Curriculum Area ®)» Concept #» Process W Objective

Environmental education is ot a separate content area of the natural science programs, it is
part of the biological. physical, and earth sciences, with implications for the social sciences.

-

. GOALS & TERMINAL OBJECTIVES

. CURRICULUM AREA
C .
' GONCEPT

: o PROCESS
| OBJECTIVE

L X
-

2 - N . oo & .
" When all this is completed, and the basit objective achieved, the student is then on his way to
reaching the long range goals1 and terminal objectives thdt ‘should be achieved: before

S . L] y y -

‘graduation. . P .o o
. - . { . : > ‘ ' )
On the following pages minima} objectives for the senior high school curriculum have been
indicated. These objectives havé been broken down by course area, i. e. earth science, .

physical'science, biology, chemistty and physics. It should be stressed that these are minimal
. objectives. However, these objecfives.should serve 2s a guide for.course development and .

updating courses: preceng:y- being taught. e C )
. ' * . \ L 4 . .

* - : .
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EARTH SCIENCE OBJECTIVES -

. »
-

Describe the general conversion -of one form of energy to another.

Trace solar énergy through its varieus changes,

Hlustrate by using patural examples:
How energy may flow or be stored.
How energy may be transferred or trans{ormed

Explain why & frame of reference is mporta.nt in describing the motion {or rest state) of an

object.

- Describe experiments that support the concepts that: « "

*  The early rotates on an axis.

The earth revolves Eu'm.\rt| the sun o .
Cite examples of the relationship among fime of day, seasons, and the motior of the earth,

Describe in the studérlt‘sown words theories for the origin of the solar system and identify at
Jeast one major flaw in each.

»

Describe methods that can be used to find the shape.' size, density, etc, Ef the earth.

Describe some genera.l physncal characteristics of the atmosphere, .'hydIOSphere, and
lithosphere. :

Discuss the relative importance of several common elements of each sphere in terms of
abundance and chem:ca.! actmty

List the elemént.s that’ occur in abundance in all three s.pheres,

Explain- the theorj; for origin of the sun's energy.
LY

Correlate unequal heatmg, gravitation, and rotation with unequal pressure distribution and

convecuve cuculauon irt the .atmosphere.

Describe the effect of in-coming solar energy on the development of the general strpcture of the

atm.DSphere . »

Relate the properties of a gas in terms ‘of tepxpeﬁture, pressure, and volume.

. Describe and give examp.les of moisturé {water) in the atmosphere. .

Descr;be in the students own words how the lower part of the atmosphere produces the

“greféﬁhouse effect" '
&=

. Relate changes ip temperature, pressure and voiume to the productlon of pressure pells

'u-

Define operatioﬂaﬂy ws:m and cold fronts ib terms of air-mass movement,

t

" Discuss how geographic location, topography. nearby water, population center, etc. will

mﬂuence local weather. .

e

Make a 12. 24 and 36 hour weqther prediction for his school's li:n:alll::,r from weather maps for -
. successive days. . .

- .
Lo~ . ; 1
. . .
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Explain several ways by which waves a.nd cuirents are Renerated at or nea.r the
hydrosphereoamos;:here boundaries.

Discuss, in ]us own words, the formation of tides.
Trace the major océanic. circulation patterns on a map of the world. e

Describe the major topographic features-of continental shelves, continenta] slope and ocean
basins, and suggest bypotheses concermng their origin, . .

List shorehne features and correlate the productwn of these features with wave tnd current
activity in shallow -water along The Delaware Coast]me . )

{dentify several unfamiliar minerals with an appropnat.e mineral key.
ldemify textural, and compositjonai fe'a'tures in hand specimens of common rocks.

Explain the origin of metémorph;c rocks by discussing the temperature and pressure condmons
that may be mferred at increasing depths within the earth s crust.

Desmbe the enwronment.s where sedn'nent.s may accumulate and bow sedimentary rocks are
formed. . - '

- .
Trace a particle of matter. thro‘ugh the rock-cycle along various paths it may take.

lllust.rate with example how geologic processes tend toward an equ:lhbnum state as the earth 8
surface is modified. :

Relat.e ts.e'mngm of sedlmemary rocks to weathenng. mass movement a.nd erpsion.

Desc.nbe in the students own words how & why an earthquake occurs.
Explain how earthquake (seismic) wave data are used mpostulate the general mtenor structure
of the earth . .

N -

" Cite ev:dence and explain uplift {ernergence} and subsudence {submergence} of crustal blocks

, .. o
' Demonstrate a familiarity with tﬁe Geologic Time Scale.

not necessanly associated with geosynclme mountams . ) .
1. T

the major earthquake and volcanic areas on a rnap of the world {past and present) and
1den 1y areas where future activity might be predictable. \ )
Ty .
Explain radwactive decay and haw it may be used to measure geologic time intervais.

-

Cite fossil evidence to support the ﬁTEnry that organisms have evpived from su‘nple to more .

complex forms. . . \

!Ilustrate by example the use of fossils as bools in mterpreung garth hlswry
Predict what changes in the earth mean annual temperature may occur ﬂremernber the
greenhouse effect} and how these changes may affect the natural environment if man’s acuvuy
constantly increases the abundance ofscarbon dloxade ‘and dust in the atmosphere.

v "

Distinguish between renewable and non-renewa,ble mineral. resources ,{gx'ving éxamples of
each) and suggest things that may: be done to increase, man's use of sofme ‘non-renewable
mineral resources after these resources. have been used in manufacturing.- . ~

’ .
-
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Constmcthypothﬁes conterning the poasible effecta on future changes ih the earth’'s surface of
. such technological application as dmmmg walerways (both smalf and large) and nnderg'romd .
m.lclear explosions, etc. | _ _ h
Demonstratahjs knowledge of the earth’s posman relative to the rest of the so\l.a.r system and d
f utilize this ik¥rmation to compare and contrast charactenstlcs of the planets.
$ . ~ . .
ldenufy pl:ysnfal features on the su:face of the earth using-aire gl pho,tography ”~ ° ]
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PHYSICAL SCIENCE OBJECTIVES

- N u

Add, subtract, multiply a.nd divide {in base 10} numbers up to three digils.

Tra.d’slme a word description of 2 mathematical relationship mto maLhemahea! sentence.

Translate a mal.hem’aucai equation into words. , i

State whether a given metric- measurement is 2 measufement of mass, volume, or l_engfh
*Use correct units with both measured and caleulated quantities. RS
’ ——_ -

Defend the need for standarized units of megsuremedt.
Converi units within a measu:emem. system such as MKS (meter kilogram, second).

Converi units in the MKS imeter, kﬁogram seqondk‘system to units in the CGS {(centimeter.
- gram. second) system and vice versa, . s

Measure and record time ip standarized units. *
Determine and record the temperatore of a'liquid.
- Construct 2 demonstration 10 distinguish between heat and temperature.

Identify common laboratory apparatas by name.

“Use a double pan or triple beam balance to determine the mass of a sample of any sohd or liquid

taking proper precaution so that the balance is not damaged, none of the sample is lost and the

. sample is not contaminated. The value reported should be correct within the limits of the
precision of the balance used. e " - ;

-3

Insert a glass tube into a rubber stopper demonstratmg abx}my w 4,ase a lubnce.nt. and protect .
! himself from posslble m]ury by broken glass. % : .

Heat a hqu:d in a test tube safely to boiling wzthout any overﬂow of the liquid.

‘Read the volume of a hqmd in 2 graduated cylinder and/or a buret "and recOrd the
measuremems . .

U'se a bulb and pipette to transfer a speafied quantity of hquld from a stock banle tc a beaker
with an accdracy of 0.1 ml. ] . ‘

Lrght a bunsen burner and adjust the flame approximately to aclueve the desired use.

. Use a mercury barometer to measure atmosphere pressure to the nea.rest,mllhmeter of Hg,
consert the reading to normal units of pressure and correctly describe a rationale for accepting
this length of a column of Hg as a measure of atmospheric pressure.

Construct. an electrical circuit consisting of a power supply (or chemical celli 2 switch, a
resistance (or chemical cell). a volt meter and an ammeter and determine the volage and
current in the circuit. . .- .

ldenufy those observations that are necessary and suff' ¢ient to 1denufy an object or class of
obiects uniquely.

[

“In 2 labratory situation find the density of 2 given sample of a solid, liquid or gas.
C . 1' 19 1 o ' f-t
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. Describe properties e.g. density, meltmgpomx boﬂmépomt.heaioifnmheuof

vaporization, spacxﬁcheat solubility.

Deacribeat&etwh:chwouldbelpdammewbet.heraumpleofamnem.lthatappm tobe
uniform in composition is a single substance (a free element or compound) or a mixture.

Use a standard reference to locate information such as: (a) the dewsity of an element or
compound, (b) the specific heat of an element or compound, (c)thehwofforma.nonofa
compound, and {d) the vapor pressure of water as a function of temperature.

Transla{.e a chemical equation into an ordinary. Englisb sentence, using only common

Construct a table of data from a graph of the ddta and a graplzaﬁnm a table of data.

From experimental data for some varisble which is a function of anotber varizble, establish a
suitable scale. locate points on a grapb for each ordered pair and draw a “‘best fit”" curve for the-
data. ;
» [ .

Construct a short word statement to describe what a table or graph communicates about the

responses of one variable to the manipulated variable.

Apply rules for interpolation or extrapolation to predict from a graph.

Construct a Erequen'cy distribution forka set of observations. ) V-

»

Identify tbe name of the variable that should be held constant, the ove that should be
manipulated and the one that will respond to that manipulation in a test of an Kypothesis.

State the problem to be researcbed in researchable terms.
Identify the elements of a problem on which a hypotbeses could.be based.
Generate hypotheses.about tbe critical element in tbe problem. ' .

Plan to test hypotheses on the basis of. (1) identifying all the variables possible, (2 selectinga
variable to be studied, {3) esl.abhshmg a proper.control, {4) plabning for replication, {5)
planning systematic observation of desériptive data, (6) identifying sources of error such as
measurement, computation tools) instrumentation, etc. and (7) plapning a system for
processing the data to make it ready for. interpretation. . o

Exeeute the plan of investigation by (1) collecting, organizing, and analyzing data, (2)
presenting findings, {3) using tools properly, (4) recording data’accurately indicating the .
degree of uncertainty, (5) reviewing tools and procedures used and {6) revising procedures
where indicated by results.. - ] ,

Evaluate reports of a carrent social issue of the nature Su.ggested above to determine whether
the li'adl.zst.;;«r tbe public or both have fulfilled tbe:r respective ethical rwponsibdmas .

Provide at least one historical example to show the mﬂuence that scientific dev’elopment has
had on social thought and/or act:on R
Provide at least one historical example to shov.’ the influence (either posmve or negauvel that

society as a whole has had ‘on scientific development. .
2

Demonstrate a concern or an intellectual interest in scientific development by any combination

of activities such as the following: ({a) reading science related books or artjcles which are not

required reading, (b) participating in science fairs or development of nature trails, {¢) visiting a

science museum of sc:er;ce lecture and (d) applying scientific thought to a real problem facing

hlm ’ e - -
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‘ \ l;ienufy by name apd function the ma;t'lr structhtes that constitute plant cells (cell wall, cell
rﬁ'é?:nbrane mxc.leus. chloroplast, vacnole. mitochohdria, .nbosome endop!a.sm.w rebcu]e.lml.

- '{denuf;' by name and function the ma;ogmmneﬁ that constitute anime! cells {cell membmne
$ nucleus. vacuoles, mitochondria, ribosemes, endopla.smzc reticulam, centrisome},

Relate the structure a.qd function of the hxghly swaa.bzed cells. muscle cells, nérve cells,

ep:dermal cells in leaves, red blood cess, white blood cells, and xylem cel.lsr

Dascribe the funmops oi various txssues such as: wet membrane-hmgs islets of
* . Langerhans-pancreas,” epidermis-skin - of mammal sylem-roots, stems, leaves, ..&

menstem-plant.s S ’

k] . . .

Descnbe the complementanty of the strucmre and the function of organs using examples sys¥

- as' heartcirculation of earthworm, grasshopper, and human, brain-pervous system of
humans, liver-digestive system of a mammaf, uterusseproduction of humans, .
intestine-digestiori of earthworm, grasshopper, and human, ovary and cestes-reproductmn of
frog. fish. erds. & leaf-photosynthesis in producers.’ .

LiY

LI

LI

Describe the major parts of various systems and relate how these struaures contnﬁute to the,
y well being of the total organism. Use examples such as the following. roots<corr plant,
. circulatory-frog,. Skeletal-insect, sketetal-mammal, nervous-‘huma.n, endocrive-buman,
d;g&suon—cow exc:etion-human“aé; transport-woody ‘plant. <

Compare and contrast the nutritional patterns of organisms using examples such ag: s.l'gae
‘cells paramecia, fungus-mold ob toadstool, earthworm, g'rasshopper. t.ree. man, parasmc

organisms. & symbiotic organisms.

Describe in a given organism the mechanical and chemical processes. that change food I its .
large particle form to the small particle form that is. able to dlffuse mto living cells.

; Describe supporting and conﬂmmg evidence of the hypothesis; r,he larger the.sme of the
. ”  mature organism the more complex its systems, using situations such as. circulation b the
¢ earthworm and-a chordate, gas exchange processes in the paramecium, the insects, and a
: mammal. reproduction of the paramecium and a rotifiér, & circulation of transport,m a.sponge
H and a mouse. .

{ Describe the sumulus-response mechamsms in vanons organisms such as: parameis,
v euglena, planaria, earthv.orm. insects, & human., -

[} "

Design and perform a demonstration to show the effects of tropisms such as: geotropism,

2 ! hydrotropism, & hehotroplsm . . .
f Design, perform, and reﬁort the results of a controﬂed experiment to demonstrate the effect on
living organisms of varying amounts of the foﬂowmg itéms such as. water, nitrogen, calcium,
L ~ phosphorous, light. and heat. Use various kinds of piants, fn.nt flies, other insects, or smail
; water animals. ..
E, - Relate the role of endocn'ne se,cretions to hom;et;stasis . ' ' . .

L F L}
Déscribe these agpects of respir,atlon ’dlsungmsh bptween aerobic and anerﬁblc respiration to
the efferiericy of energy release ‘and the products formed, relate respiration to energy in all
living things. & describe the basic chertical changes which occur when sugar is burned and
’:dent!fy the role-of each organ or organel!e mvoived . .

I3 -
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Describe the action of citisted or flagelleted motion as it occurs in.  single celled organisms,
sessile water animals, & special tissues in comples ofganisms, such as frog epithelium, mduct.
t.rechael epithelium. L. )
Describe how movement is achieved hy muscular contraction in organisms where action
involves internal or external skeletons, the action against material or opposing muscles using i
examples such as: mammalian movement, insect movement. round worm or earthworm
movement, perstalsis. - .

L

T —ty

Describe the ederetion function by identifying the material secreted, the source of the material,
and the disposition of the materials in such organs as. intestines of earthworm, insect, and 1
mammals. lungs of reptiles, hirds. and mammals, gills of fishes, kidneys of vertehrates,
nephrons of the earthwornd, & cell memhrane of the parameaum . -

Identify and contrast the sequehce of events in the mitosis of pla.nt and animal cells.

Describe and contrast fertilization in various organisms such as. mold {Rhizopus), algees
(Spirogyria, Qedogonium). a flowering plant, a frog (external fertilization), & a mammal .

{internal fertilization). .o P

-

I

Describe the various processes hy which asexual reproduction may oceur and cite examples to” g
ilfustrate such as  fission. budding. regenerstion. layering, f:ra.gmpntat.ton & sporulation. i

<

Relate pH sca.le to acidity and alkalinity. .
Recognize generalized structural formulas and cofnponent parts of common chemical .
substances referred to in hlology such ds. amino acids, protgms fatty acids, glycerol, Y,
carbohydrates, water, carbon dioxide, & molecular oxygen. .

c " Identify the three hasic structural units of nucleic acids. . phosphate E-onp, sugar group, and
hase group. Compare the strugture of DNA and RNA.

Describe, hy [diagrams .or models, the process of DNA replication.

By diagrams or models show how a given sequence of amino acids in protem synthesm is
determined hy the chromosomes (DNA)}.

Construct a fpod weh diagram that illustrates the dependence of the high levei consumerson
the low Jevel consumers and producers from a given list of organisms found in a community. .

Trace the transfer of energy from one form to qﬁother as it moves tlirough a series of orgafn'sms .
{(food chain) starting ,at the sourfe and ending at the final disposal into the non-living

" environment Use various types of hahltats such as. atemperate prairie, a fresh water lake, &
a tundra.

Describe the carbon-oxygen-hydrogen cycle as it occurs in the h;osphere hy relating the role of .
the various components materals and processes such as: the series “of events in
photosynthesis which lead to capturing energy, green plants. animals, the series of events in
*  tespiration that’ release energy from food, & conservatlon of energy in the cycle-""- .
L8 = £ .
Relate the henefits each of the following groups of orgamsms give to their communities as they
perform the functionsby which they maintain themsalves producers, consumers-primary and | .

_ secondary, & decomposers -

Working from a prepared dlagraﬁ'* describe the nitrogen cycle as it occurs in his own words
using correctly the terms. nitrifying, denitrifying, fixing nitrogen, nitrate, ammonia, hacteria, "
animal wastes, and -decomposers. ; v

& -
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Describe, by words or diagrams, the process of suctession as it occurs in the tollowing
sitpations: s sandy lake shore, a fallen tree, an abandoned field, s small pond, a salt or fresh
water marsh, artificial harbors’ and breakwaters, & lakes behind dams. .

By personal observation and investigation, idenﬁfyagjvenﬂuinberoforganismsofa
designated loctl ecosystem. Some suggested ecosystems are. the back yard, the vacant lot in
the neighborbood; thea.c[umnmmtheschoo}room the herbarium in the schoo! room, or apy

city park.

Construct a study to investigate the effects of oampéﬁﬁo’n for water, light, and nutrients on the
characteristics and distribution of organism$ in a biome and generalize these resuits to explan
the distribution of organisms in various biomes,

-

Ihstmgmsh between heterotrophs and autotrophs by superficial exa.m.q:auon of speamens of

_the orgasisms,

ldentify the fol!owing‘ay fnicroscopic examination of suitable specimens. bactem.l colomes
mold, algae, & protozoans.

Describe the general features of the classificetion system generally used by hiologists such
as' binomial nomenclature. major ‘kingdoms of living organisms, subdivisions-phyla.
genera, species. .

Classify, with a key. complete plant specimens into the following categones monocotyledon, .-
dicotyledon, gymnosperms. fungus, bryopbytes, & ferns.

Classify gwen organisms.’ both plant and animal, ml.o their correct pbyia with the aid of
appropriate keys. :

Relate meiosis to the prediction of variation of charactenstzcs in offspring. & Mendel's Iaws of
segregation and independent assortment.

State the major parts of Darwin’s Thepry of Natural Selection, cite evidenee for a.Jd indicate the
flaws- in each part. )

- . -

" Cite examples of adaptation by organisms to their peculiar environment. distinémsh between

Creative, Darwiniana and Lamarckian adaptation. '

Predict the adaptations that rnay be initiated in various organisms that survive a changing
eavironiment. 3

Describe the relationships between the following items as they occur- in wvarious
organisms: number of offspring. amoust of parental cate, survival rate, their position 1n the

. food web of their comthunity. Cite examples to iflustrate the relauonsths

Giveh data from suvitable observations of plant. growth at-various temperatures, plot the data
and generalize from its analyﬂs the optimum temperature range for the grow'gb of that
organism,

—'..
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Group the substances ip a collection of sarnples of materials and describe the basis for
grouping. :

E]

Desa-ibeaprocedurethatcmﬂdheusedtoclass;fyasamp!e ofamatena]asa.nelement
compound or a mixture, .

Calculate the value of the fourth item, from data provided or collected for any three of th
following: the thermal energy (heat transferred to or from} of & substance, the mass of th
substance the heat capaity of the substance and the temperature change of the substance

Idenufy @ particular substance from & list of common chemicals by usmg a handbook to find|
characteristic properties of the chemicals. .

i

Quantitatively separate a solid from liquid by filtration. . Lo
Quantitatively separate a d;sso]ved solid from a liquid by evaporatlon without decomposition of
¢ the solid.
"4

Construct a heating curve and/or cooling curve for'a given substance from data coilected ina
laboratory. - .

Name the elements represented, the number of the atoms of each element, and the mass of

each element in one mole of the compound from the formula for any given compound.
Vs

- ) - C;:;Ilect eviddnce in support of the Law of Conservation of Mass in chemical reactions.
" Caleulate the molecular !_forﬁ:mla} weight of a compound for which the forrmula .zs given.
_Collect_experimental data and calculate the empirical- formu!; of a compound. ;*

* Write an equation to describe a chemical system that the student has observed:

-

« Construct the chemical system Wesctibed by an equation.

- . e . Calcula-te.the.f_nass, mytte; molecules or atoms for a.l.:lj' reactant or pro&uEt in a reaction from the
. chemical equation for the reaction and the corresponding mass, number of moles, number of
molecules, or nymber of atoms for any other reactant or products. .

~

Calculaté'mass, moles or volume of any of the gaseous products or reactants from the equation ~
- for reaction and the corresponding mass, moles or volume of any of the other reactants or
products - .

M Do successive titralions of three equal aa.mples of standardized dilution which agree mthm the
iumts of the uncertamty of measuréements of the aparatus used.

For a g'ivel_:l sample of 8 compound calculate any two of the following from its correct
formula: the number of moles of the compound in the sample, the number of moles of any one

element in the sample, the number of molecules (formula units) in the sample or the number of-
—atoms of any one element in the sample,

26 rl ) + ;,
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Calculate for a gaseous sample the value of the fourth item from data f.:_;r three of the
following. the number of moles in the sample, the pressure of gas in the sample, the volume
of the sample, the temperature of the sample. .

r

Describe in qualitative terms how Kinetic Theory accounts for. differences in gases and
liquid. pressure of a gas, evaporation, difference in diffusion rates for gases and liquids, the
ordinary chsenvation that the boiling point increases with moleculaz weight, & the relat:onsh.lp
between the rate of diffusion and molecular welght .

Identify those assumptions of the Kinetic Theory that are not true of real gases and’descﬁbe at
leasi one faise Pred:ct:on that could be made based on the theory. :

Descﬁhe qualitatively what occurs during the phase change from a solid to a liquid in terms of
energy, lemperature, distance between particles, arrangement of particles and motion of
particles. —_—

Calculate the change in energy when a given suhstance at a given temperature is changed to
some new temperature in another phase when given the specific heat of the substance in each
phase. the heat of vaporization, and .the heat of fusion of the substance.

Describe experimental evidence to support the concept that atoms contain subparticles that
possess electrical charge. .

Assign oxidation numbers to each .element in a compound or radical.

Demonstrate a procedure for ﬁ.nding the approximate size of molecules and atoms.
identify from a list of chemical equatioﬁs those which repiresem oﬁdéﬁon-reductioh reactions. )

For any reaction ins olvmg oxidation and reduction. identify the reactant that is oxidized, the ’
reactant that is reduced, the product of the oxidation and the product of the reduction.

After conductmg an investigation using lah equipment, strips of various metals and aqueous
solutions of corresponding metal ions. write equations for the half reactions which occur when
any of the metal strips are placed in any solution containing one of these jons and order the
resulting half 'réactions:in decreasing order of ease of oxidation, -

Design and demonstrate a procedure for ohtaining electpc:ty from i chemical system using two
metals and agueous solutions of their salts.

Coenstruct a safe and adequate electric circuit for measuring the electnc.a.l variables of various
combinations of haif-cell reactions : ,
Select any metal ‘metat ion half-cell as a standard, and measure the potential of at least two
other metai/metal .ion: half-cells relatwe to the chosen standard.

List exarnple,s and reactions mvolvmg,pxldauon and reduction that are necessar'y for human
existence and/or physmal comfort. ~ . P :

3

List examples of reactions mvolvmg ox:datwn and reductwn that are detnmental for raman

existence and/or physu:al comfort. .

Conduct an iny estigation to determine those conditions that affect the rate of oxldanon of some

material. ..
" +

Use the results of the investigation to propose a procedure for eliminating (or slowing'l some
oxidation such as the rusting of water p:pes and/or for inducing (or speeding up), oxldauon such
as the rusting of metal cans.

E]
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Oonsh-uctmoperahonal definition ofaadsanﬂba.sa, asetttodass:fycommonsubstances
fou.n.d in the home.

Distinquish befween concentration of an ecid and strength of an acid. L

Tdentify properties that are a periodic function of the atomig number from a list of properdes
each as' melting point, atomic radius, atomic weight, density, ionization energy, & heat.of
vaporization.

For any of the p gipemes hsted describe the trend observed as you move 2cross a period or
dovm a column ib'the periodic table, such as: atomic radius, electronegativity, & m!nzauon
energy -

. Designate the number of e}ec'trons in each orbitat of an atom or si.Pple ion in its ground state.

Describe how the emission of hydrogen prondes evidence for the theory that the energ'y of l.he
electron of an atom is quédntized., , ‘

Id—enufy the chemical family to which gn atom belongs fmm data abaul. the orbltai occupancy of

° the outer or valence electrons. e

Wrile. the electron configural.ion for an atom in #s ground state from its atomic nurnber,‘ -
|

Constnict a bewis (electron-dot) strucl.ure for any compound given Jts fonnula and, 1n complex

cases, the structural arrangement.

L}
' L}

Calculate the number of protons. neutrons. and electrons for an atom gwen‘}e atomic number
and the mass number of the atom.

Idenufy thode atoms which are isotopes of the ﬂfq/ lement gwen the atomic and mass
numbers of various atoms. . :

Determine the number of meles and the molarity of each species present in an ionic solution
formed by adding a known mass of solute to fortm a known volume of solution.

De-term,ine the resulﬁng concentration of each dissolved species when two soltuions are mixed.
Any precipitation and dissociation should be considered complete. .

Predict whether two given atoms form an ionic, polar or non-polar covalent bond given values of
electronegativity. . . .

Predict the type of bonding for a substance from gxperimental data such as. solubility,
electrical conductivity {when fused or.in solution) and melting point. .

Describe the qualitative effec:. .on the rate-of-reaction ;of a change \in temperature or
concentration. . "

" Predict the change that will result in & system at equilibrium when any of the followmg

occur:  the concentration of one of the components is changed, the pressure of the system is
changed the l.hermal eperg'y is changed 0T g catalyst is added o' the system. '

\ynte the equilxbnurn consl.anl. expressmn from -the equauon for a reaction.

Compute thé equ:hbnurn constant given the equation, the amounl. of each component at
equllibnum and the volume of the system.  * .

Compute the preditted concentration of each dissolved species and amount of precip;tation'
when two solutions are mixed. .

87 . ‘ .
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Fromt a list of reactions and their equﬂibnnmoonsta.nts rank the reactions m order of
decreasing concentration of products at equilibrium. . . , L
"Describe how the nature of the chemical bonds in a solute related to its solubility in various
solvents. . .

Trace of history of various applications of chemicals in the everyday activities of home and
- industry and identify various environmental problems that have resulted from these -

applicatiohs, include in this discnssion how attempts to correct one environmental problem .

have often led to the development of another.

Use the detergent, p%tlmde packaging and‘or fertilizer mndustry to illustrate how man’s use of

chemucal knowledge to improve his well-being has led to other problems for him and :denu.fy -
types of data that should be afalyzed and projected in the future before any new product should

be marketed for mass consumption. ,

L

Construct a test of a hypothesis about a chemical system pr phenomenon.’

Describe observations that could support a hypothesis and thase that refute a hypothesis about
a chemical system or phenomenon

Construct a report of a test of a hypothesis ghout a chemiced system of'phenomenpn which. s
written so that it can be understood by a competent reader, provides all data which are relevant
e the hypothesis, presents the data in an orderly manner and provides reasonable conclusions
based on the data reported. * .y
Write equations to represens nuclear transformation resulting in natural decay of radioactive
materials. .

¢)
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) . Dlstmg'l.ush between distance and displacement,

-

Sulve selected problems involving distance and displacement concepfs nsmg estiroation for tbe
magmtude and accepted units for the answers. . ,\

. Combine distance (and displacement} intervals wub time mtervals to derive pew physncal
concepts which better explain observed phenromena. speed \relomty and acceleration.

. . »’-ﬁmgwsh betweéen ms'*nta.neous and average speed, instantaneous and average velocity,

and instantaneous and average acceleration.
/ - Construct graphs of speed vs. timei distance vs. time, and acceleration vs. time.

interpret the above graphs using areas and slopes as the representation of physical guantities,
Define force in terms of- mass and accéle;ation. ' T \\ - Vo

4

Identify fri,&ion as a force. f . ‘ - o .

Deflne momemum in terms of mass and velocity from empirical data.

un!'B‘ne the phy sical quantities of force, mass, distancs, etc. and relate them to the Newtonian
\Qyntheszs {Newton's three laws of motion and universgl gravitation.) -

" el

List various physucal properties as scalar or vec}.{r quantities. - IR <
. Formu!ate a model of electricity to exp!am seiecte@ electrical phenomena-.
- . o’-
Use this model to describe other \}lect’ncal phenomena. h Lo -

‘Dlstus e monetary ‘value 5f electrical energy used in some seleef.ed segment of soc:e,ty (egr
the home, community, a given industry) and compare the c\bst f that energy with the cost of °
providing the same amount of energy by some other meaa.nS‘\t

F]

g’ \ . .
Trace the path of an elementary charge through various clrd‘uts 'Su as. series, parallel and
‘combinations of a s:mple nature. | \ - .
, ., t ’ C L e \ R .o o
Perform an investigation to determine the nature of the férce“" field aroynd a charged objeét .

L 4 -

-
Discover, state, a.nd apply & rule for deternﬁn.mg the ﬂlrectmn of 8 magnetic field aroum;l an
v electnc current. . ;

* Demon stral® how the forces on e}ectnc currents in magnetic fields }\'e emp
' motors. g . . ot ¢

* Dederibe a tra.nsformer' and explain its operation in terms. of induced rrént and gMF
Demonstrate or cite evidence for thé\’elationship between the force on a cha.rked ob}ect its
velocrty through a magnetic field and the strength of the ﬁelds .

i
Idenhfy the kmds of energy. mechanical, electrlcal thermal chernlcal and electromagnetic )
exhibited in complex systems. - '

Trace,a iransfer of energy through a _cycle involving two or.more cha.nges i ﬂ{ld from

“ _— d:agrams pictures, or demonstration. . . N .

. [] +* -
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Deﬁveanexpr&osimiormshﬁonalkheﬁcﬂagyuﬁngmand-velodty. . ) .

Demcrnstrate energy wnsen’atmn using lmeractmns which inyolve & change in energy f.orr.ns _

"Apply the principle of conservanon of energy and momentum to predict the behavmr of objects . - -
involved in an elastic collision. . . . L
ﬂ \ ) ’ R

Idenu.fy seledea penodic motions such as: pendull:m,. uniform c:rcula.r motion and qmng )
oscillator. ) [

¥

Relate periodic mouons to wave motions snch as. sou:nd Light, md.w mcmwave. ultra-sonics

and heat. S .

-

»

Compare and contrast Ll;e wave model and particle model 4in descrihmg enefg‘y trensfer and «»
. other phenomena.

r

ide nnfy properties o{ elementary pami:les such as. electron, proton neutron and positron in
terms of mass, size, charge and energy level.

Describe the relationship between gramauon and/or electric ﬁeid strength and distance.

- linverse square relanonsh.npl'

3

"Cite evidence to support the law of conservation’ of energy for the microscopic as well as.
macroscopic state.” - . . .
. .

Test the laws of reflection, refraction, dlffra.a‘lon and mterference for light in the laboratory.
Exr.e‘nd t'hese findings to enougﬁ. other membe% af the electromagnetic family to show’the close
relationships between the members of that family. .
Order the commonly recognized segments of the e!ectromagneun Spectrum_according to
wavelength or frequency. .

L ﬂ‘ "
" Demopstrate total mtemal reﬁection L sl . p
Demonatrate the principle of super-position of w‘aves construct & model to expla.m its effects
and use jt to'explain various phenomena in sound walter, al:ld light waves. .

".* List several practical applications of electromagnetu: energy to daily existende,

" Relate the en ergy content of the vetious seg‘rﬁents o{ the photo-electnc spectm.m to frequeqcy
or wavelength. _ .

- Discuss the transparency of 'various materiaié to various segments of the electromagnetic
spectrum including'a discussion of such phepomensg as the greenhouse effect, snow-blindness,
, . Becquerel effect, & radzb reception. _ .,

[y

Describe the’ condition necessary for electromagnetic wave amplification by stimulated
emission of fadiation fMmaser and laser) and discuss some present and potential beneficml used
“of this phenomena

: -Discuss the properties of the qiement.ary types of radiation {alphe, beta and gamma}. "

-p\_ ~ Use both the wave whd particle ‘models to describe va;'iqus phenomeng invelving
* . ¢ . electromagnetic radiatidn. _ . | . )
y ’ Solve a simple example of E = mc2. ) I v
(( Descri:be iri.ai.mp!iﬁed' general terms the operation of an atomic particle accelerator.

. ‘ *., . .' 32,
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pquires that 2 student must
aduste. A totat of 10 1/2
Boa.rd Although only one

-

-

_instruction under the di
examples a¢cord variations, [ps
instructional re.qmrement :

-

L 14 mstmctwnal periods per year based on a class
. séssion of 50 minuteg in length.

160 mstrucuonal penods per year based on a cla.as
session of 45 minutes in length i

» » -

180 instructional periods per year based on ﬁén'bly

arrahged class Sessions of varying duration Whl('.h
' exceeds the minimunr number of hours , _ \ I

1t should be emphamzed that each secondary school endeavor, *

to proceed beyond the minimum requirements necessa:y to
*+  assure the providing of ad instructional time, Where  °
achievement becomes th basts for instruction,
variable class length is si
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It is fithat every area of the elementary school

mx‘mﬂm.mdu@gmtuml science, should contribute to the -

reading- prégram, Chﬂdrensexpmenmsmsciemejhould’

) helpthemleernhowtog'ead,moﬂzermas Cuhvewdy,.asa vom

e nhﬂdren develop genefel reading and communicatibn” skills
t.hesewﬂ.loontri]mtejptheu develnpmentmnanmjmgnce vy

Reaﬂmg:s essenha.lly therecogmnon of gelanonsh:ps’ between
symbolsandob}edsorevents .

The emphalid in' thenatn:alSuénoe program:s on first-hand .
- experiegices with concrete materials.. .Children handle amd A
. stdy.rocks, plagts, anjials, mag:net.s,etc These are cozcrate
objects .and "primary “experiences o whmh syqbols can be
mlated. Words and sentences take on megning for childen
when the; signify .~objects that they have handled apd -
expenencesmwhzch they have ta.kenpart . )

.
; -]

"

A Thus the natural suepce program is an integral pa’rt in building °
! sound readn:g an& communication skills program. | -
The_main thmst of career edncation i to pwpmaﬁ students
for a sugcessful life of work’ by increasing their options for
occupationat choice, by eliminating barriers - real-and imdgined
10 attaining job Skills, and'by-enhancing learning aahlévement
. maﬂsub]ectareas and at all {evels of education, ™’

Career education re:cogmzes muca! decision points at which

students must be preparediand euipped to decide whether to
. pursies a job, seek . er edueat:on . or ctfoose some *:

combmatxon of both- . . ] :

'i‘he lmplementat:on of the world of work ideas should be ap
part of any smence,:umculm The development’ of
curnculum materfals including this idea is recommended and .
© «the fcus of cdreer éducation at the elémeritary lever (K-4) is
* Carrer Awareness: Middle or Junior High School level {5-8) is
careey exploration, and Senior High (9-12} the world of work,,

In depth health edueat:on as such is not considered part of the
" natural science prograni This is an area where therg arebasic
, relationships.to the biological scierices, but the proper way to
" bathe, brush teeth, and vut ﬁngemazls is not natural science as
guch. . .

. ”
-

The imliortance of learning about dmgs. their use and abuse is
_ essential. The education of students in this area draws a fine
line betweén natural science and -health edycation. “The naturat
-science objectives are not speéifically regltéd to drug education.
There are basic relationships with the physical {chemistry) and
btologlc.a.l sc1ent:es ) . ‘

’
- . .
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Field Trips and Outdoor Education.

Nomscience TheoryIn Science ~ *
Instruction -t .- .
.7 . . - 4%

. among the students and parents ofapartncu]a:school or school . -

.

.S P

I T FEa FE— —= - . 7

.
L
b

. T'h:s:sanmofmportmeempupmgthemdmwhe.l
producuvememberofthewmmunny The natural science
objectives " are not * specifically’ related to emergency
preparedness. 'Zherembaacmhnonsthsfortheapphuﬁm ]
ofthééthsaenoes
The ohtdoordasémomhasamnkﬁmdeof.oppormiﬁea.ﬁur ;
natural sciencs education programs, The nse of the immediate 3
maabouttbescﬁmlforapphmnonoﬂhe various aspects of
nahualsmenoeedumhomssﬂ‘onglyrewmmended. A guide as
to owtouzﬂxz.ethmare;s—hasbeenprepuedbythe
De t of the Interior, and the local soil conservation
Qsmoooper&txonwﬂhtheSbateDepa:tmentof?nbhc
Instmcti‘on. Copleﬁoftmsgmdemavaﬂable&omtheoﬂiceof
the State Supervisor of Sc:ence and Environmental Education,

Theuseofﬁeldmpstomﬁﬁsmm“mthe&atemdthe
surrounding areas is recommended when the field trip is an
integrel part of the leaming situation. There is & great deal of
planning and preparation required if the field trip is tobe a .’
meaningful experiehce. The. field trip should provide an
excellent means for the application of natural science to the
other learning areas -such as social studies, art and
communicetien skiils. (We should note that a field trip -~
requiring a two hour bus ride, then spending a hslf hour at a
site and a two bour return trip has questionable valué). ) .

.The display of student projects and activities is an excellent
method of building intérest in the natural -sciénce program

district. L v . C
Pa..ruculeu!ly in gmdes K-6 judging should not be conducted for
the award of prizes in any fortm. Eath student shou!’d receive -
some type of recognition for his efforts 2

“The fair should not be just fof natural science, but be a’-
ultidiscipliné event where thé talénts ‘and efforts of the.
st dents \n ail areas are presented.

Throughout his recorded history, man’ has béen vitally
concerned to find out all that he can about-his universe. He has ;-
,explored it in many ways, raised questions about it, designed -
*methods hy ‘which hé could iricrease .and organize his knows -
. ledge, and devehped_systems to aid him i understandmg ‘and
" explaining his own ofigin and natute and RiS place in the uni-
varse. Among these systems’ are piﬁlosOphy, religions,
fo]klere, tlre-arts and%cience. .

' +

.
e

Sae,nce is the systém of knowing abouf the unfversé through
data collected by observation and cdtralied experimentation.
‘As data are collected, theories are advanced:to ‘explain .and
account for what hus heen cbserved. Thé true test of a théory
valjd in science is threefold: {1) its ability to explaip. what has
heen ohserved: (2) itd ability to predict what has<@ot yet beeq,
7 observed; and® (3) its abllity: to be tested by further

. experimentation and to he modified. as reqwred hy the ncqum
tion of new data. .

+
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